Abstract: India is endeavouring ambitiously to become a global hub for manufacturing. Global customers want persistent deliveries with mix model, defect free products and at lowest cost. Therefore, Indian manufacturing companies are making efforts to adopt lean manufacturing practices to satisfy their customers. Companies acknowledge lean manufacturing as a well-recognised approach to improve their competitiveness by reducing waste from the system but, in Indian context, it is still limited due to many impediments. Hence, the barriers must be examined and removed to ensure smooth implementation of lean manufacturing to gain its full benefit. In this paper, interpretive structural modelling (ISM) approach is applied to examine the relationship among the various barriers affecting implementing of lean manufacturing in Indian industry. Structural model for barriers is developed based on their driving powers and dependence powers. The outcome of the model portrays a systematic approach for removal of barriers affecting lean implementation through analysis of driving power and dependence power. The purpose of this paper is to identify the ranks and inter-relationships of lean manufacturing barriers. This may help in formulating the strategy to reduce the adverse impact of these barriers in Lean Manufacturing implementation.
Introduction
Lean manufacturing (LM) is an innovative style of manufacturing which focuses on improving manufacturing efficiencies by removing waste from the processes. It advocates for working with lower inventories, eliminating defects and making products only when they are required. This is important for avoiding unnecessary investments and strengthening the overall business. LM calls for identification of value-adding and non-value-adding activities. Simultaneously, it focuses on reducing non-value-adding activities (Nordin et al., 2010) . LM results in reduced cost of manufacturing, reduced material handling, improved product quality, reduced manufacturing lead-time and increased customer satisfaction and overall competitiveness (Deif, 2012) . The goal of LM is to support the organisation in providing the highest values of the product to the customers (Shah and Ward, 2007) . Manufacturing industries globally are rapidly changing their production style from batch production to a new approach of single piece production called lean manufacturing. The organisations which have implemented LM have gained more benefits in comparison to the industries which did not implement LM (Anand and Kodali, 2008) . Still many industries in India use old model of batch production with high inventory levels. Nowadays, companies in India are taking serious steps towards LM implementation to beat the global competition (Kumar and Kumar, 2012) .
Many researchers have studied the barriers faced by Indian industry and scope of LM implementation in Indian context. This study employs ISM to prioritise the barriers to LM in Indian context. The objective of ISM is to make a decision on causal linkages of variables with each other. The decision on causal relationships is taken by a team having a detailed understanding of the system under study.
Indian industry nowadays focuses more on adding value to product at lower cost and keeping high standards for quality (Khadse et al., 2013) . The literature review presented in this study is about finding significant barriers to LM implementation in Indian manufacturing industry. An inter-relationship is determined between the barriers based on the quality of their reciprocal influence. ISM model is developed to understand the linkages between the LM barriers. The intention of this paper is to identify: 1 main barriers faced by Indian industries to lean implementation 2 the correlation and order of hierarchy among the lean barriers 3 ranking of the lean barriers in Indian context 4 to provide a roadmap to practitioners through ISM for systematic removal of lean barriers.
Literature review
Although organisations recognise LM as a capable system in getting improvement in productivity, improve quality and reduce lead times, still implementation in India is proceeding slowly. One of the usual reasons is that LM can transform the organisation but cannot be put into practice immediately since it needs a lot of changes to be happening for execution. Implementation of LM requires major reforms in organisational culture through change in daily work practices of the employee's. So resistance is generally comes from people due to low tolerance to change in the previous personal habits as they may dislike the change and may feel the sense of insecurity. The successful implementation of LM may not be attributed to the use of appropriate tools and techniques alone but also depends upon the involvement of top management, attitude of workers and the overall culture of the organisation (Jadhav et al., 2014 ). An effort for initiating a new order of things to implement lean is not easy task (Bhasin and Burcher, 2006) . Barriers of LM may be specific to the type of organisation and economic sector they are operating (Vienazindiene and Ciarniene, 2013) . Various obstructs to LM have been recognised by various researchers such as history of past failures, management of changes, increased intergroup conflict and complex behavioural related issues (Sarhan and Fox, 2013) . Important barriers can be execution issues related to underestimating the cultural issues, management issues and technical issues. Lack of knowledge about people management has been identified as the most important barriers to LM. Many negative attitudes can grow up as an enormous resistance (Mefford, 2009 ). Lack of implementation strategy and misconception about lean concept may also slow down the pace of LM implementation (Ping-yu, 2009 ). One of the leading barriers of LM implementation is ignoring human factor and focusing on tools and technique (Darabi et al., 2012) . For the flawless LMI commitment from top management and financial support is essential (Bhasin, 2012) . Lack of committed from senior leadership the primary barriers to lean (Mazzocato et al., 2012) . Some issues may be company and business segment specifics so it is imperative to think about the plant's specific issues as conditions can vary between organisations and business segments (Crute et al., 2003) . However, some study has been published on LMI barriers but research on failed attempts of LMI is still limited and all barriers need to be investigated and addressed for successful implementation of LM (Sim and Rogers, 2008) . A study in Indian industries has presented twenty barriers mainly lack of understanding, lack of commitment of top management has been recognised as main barriers (Singh and Sharma, 2010a) . In a research within Malaysian automotive components manufacturing companies revealed the significance of skilled people and lack of support from top management is significant obstacle in LMI (Muslimen et al., 2011) . Radnor et al. (2012) recognised barriers for LM as people, lack of ownership, leadership failure, silo culture lack of resources and poor communication. Some more barriers identified to lean are perception about lean, personal and professional skill of the employee's, organisational culture, silos working of different functions, hierarchy and management roles and resistance to change (DeSouza and Pidd, 2011) .
Problems related to LM implementation may vary from one to another based on type of operation, geographical location and nature of business. Through lean implementation problem are recognised by many researchers and countermeasures are presented to make LM implementation easier. Nevertheless the correlation and ranking of LM barriers is still to be investigated so that industry knows how to formulate their strategy according to the requirement of LM implementation. Some of the LM barriers discussed by researchers in various industries are presented in Table 1 . 
Research gap
The barriers to lean implementation reported in the literature are either obtained through surveys or have been reported from general discussion with the practitioners. However, no research has been found in the literature which has used ISM to analyse and prioritise the barriers to LM implementation in manufacturing organisations in the Indian context. Therefore there is a potential research gap which could be tapped by researchers and practitioners for conducting the research in this field. This study employs ISM to analyse the LM barriers.
LM Barriers in Indian context
Manufacturing industry is very important for economy growth for any country and at the moment India is growing as a hub for global manufacturing marketplace. Indian industrial sector is playing a major role in global competition so it is essential for Indian industry to get better on their competitiveness along with the globalisation of manufacturing sector (Ahuja and Khamba, 2008) . LM is a continuous process improvement approach to get better manufacturing effectiveness (Saraswat et al., 2014) . However many of manufacturing industries in India have implemented LM to improve their competitiveness but still there is a long way to go to gain the complete benefits from the implementation of LM (Narain et al., 2004) . Sliding back from improvements -lack of staying power Source: Adopted from Kumar and Kumar (2014) Possibility and requirement for implementation of LM is becoming broader in the Indian industry. Barriers in the way of LM are responsible for the companies not getting full benefits from LM. The reason may be about lack of knowledge or lack of joint efforts on the whole. Resistance to change has been identified by Bakås et al.; lack of support from top management is recognised by Kumar and Kumar (2015) . Poor communication, conflicts with other initiatives, low volume of demand, disparate manufacturing environments, dependencies on consultants and lack of resources has been identified by researchers. Kumar and Kumar (2014) presented a paper featuring 25 elements of LM barriers and distilling them into seven major attributes of barriers in the way of LM implementation in Indian context. Attributes identified are as management, resource, knowledge, conflicts, employees, financials and past experience. LM barrier model is shown below:
• Management: lack of management focus is considered as a major barrier in LM implementation. If management is not able to create sense of urgency for LM, it does not possess long-term vision or is not providing enough to the activities responsible for implementation of LM. Management itself becomes an obstacle for LM implementation. Developing effective communication is the responsibility of management. Poor communication and coordination among the team members and various departments may be one of the major barriers in LM implementation (Kumar and Kumar, 2012) . Sometimes, lean implement is not by choice but taken under pressure from the customer, hence the management provide only half-hearted support being an obstacle in LM implementation (Kumar and Kumar, 2012 ).
• Resource: like other initiatives LM implementation resource for its successful implementation. Lack of resources in terms of appropriate consultancy, time allocation for LM related activities, communication support, availability of funds and labour may reduce the speed of implementation of LM. Underestimation about the time and resource requirement for full implementation of LM may lead to awkward situation. Consultants are generally hired for training of the employees about lean and its implementation strategy. The amount of training and guidance for implementation is large simultaneously cost of consultancy is much higher. In such cases small and medium organisations and companies passing through financial crises may not be able to afford the expenses incurred when they need LM implementation the most to strengthen their financial conditions (Bakås et al., 2011) .
• Knowledge: management of knowledge is vital feature of LM during implementation. Understanding about lean can be developed in the team with regular trainings. Because of inflow and out flow of the people from the system knowledge can be drained and dried up resulting into slowing down the pace of LM (Muslimen et al., 2011) . In most of the cases LM is considered as an approach of inventory reduction but in-fact LM need much more deep and broad knowledge about LM. So lack of knowledge may turn out to be big barrier in implementation and can keep organisation far from gaining potential benefits of LM (Singh and Kant, 2008 ).
• Conflicts: LM approach has potential to be mixed up with other improvement initiatives like just-in-time, total quality management, Six Sigma and total productive maintenance. The effort put for implementation of these initiatives are put in a scattered way and have high potential of failures (Kumar and Kumar, 2012) . In certain industry if some of similar program is already in practice then people responsible for existing programs may not be able to accept LM causing conflicts in implementation of LM. In other case if scheduling is accomplished by enterprise resource planning (ERP) and company decides to implement LM it may be difficult to balance for the people to accommodate with Lean schedule. Inadequate knowledge to integrate the existing ERP with LM can effect LM implementation adversely.
• Employee: an employee involvement is most essential element in LM implementation involves changing the mindset of the people working in the organisation. It is not an easy job to change the people and make them ready to think differently because human inherently resistance for change (Bakås et al., 2011) . Some spontaneous reason may be lower confidence; fear of failure, lower competency of the team responsible for implementation of LM may turn out to be a major barrier for LM implementation. Resistance to change is an ordinary phenomenon as there are chances of failure and associated risk is involved (Kumar and Kumar, 2012) .
• Financial: the direct or indirect motive of any manufacturing organisation is to generate revenue and make profits. LM does not reflect as any approach which itself can generate revenue rather it needs serious investment in collection of resources, training the people and need a lot of time for being fruitful. No direct and immediate impact can be accepted for LM . Not having straight financial payback LM has difficulty to make its place in management priorities in the manufacturing organisations.
• Past experience: in case if there has been any failure in the past it may develop into barrier for the subsequent effort for implementation of LM. Lack of strategy for LM implementation and lack of staying power may be barriers of LM (Kumar and Kumar, 2012) .
LM barriers
The major LM barriers in the study are major obstacles identified are below: 1 lack of resources 2 lack of management commitment 3 conflict with other systems 4 past experience of failure 5 employees' resistance 6 lack of knowledge 7 no direct financial gains.
Research methodology
The objective of this research paper is to study the relationships, and provide ranks to different LM barriers in the context of Indian industries. The barriers are examined for the inter-relationship between the different barriers of LM in Indian industry. Interpretive structural modelling (ISM) approach is adopted for this purpose and structural model of LM barriers is developed from their driving power and dependence power. Iteration of reachability matrix (IRP) is used to provide the rank to the barriers. It is difficult to consider each element of LM barrier for study so the seven significant LM barriers identified by Kumar and Kumar (2014) are considered for study. The decision in relation to their present correlation was taken by a team having detailed understanding about the system under study. This includes discussion of ISM method and MICMAC analysis. To give the input to the SSIM matrix the causal relationships of barriers were discussed in a panel of experts. The panel consisted of eight lean practitioners from different manufacturing organisations and four academicians. A brainstorming session was held and finally the responses were directly fed into the SSIM matrix after consensus. The methodology adopted in the study has been shown in Figure 1 . 
Interpretive structural modelling
ISM approach is used for identifying and analysing inter-relationships between different variables which affect the system under study (Bouzon et al., 2015a (Bouzon et al., , 2015b . It was developed by Warfield (1974) . It provides the rank for the variables in order of their influence on the whole system (Govindan et al., , 2012 . The important part of ISM is to decide if variables are interrelated or not and if yes then how they are related (Diabat and Govindan, 2011; Diabat et al., 2013 Diabat et al., , 2014 . This is decided by a group of people who thoroughly understand the structure under study. This activity consists of discussion of ISM methodology and MICMAC analysis (Govindan et al., 2016) . The following steps are involved in the application of ISM approach:
Step 1 Identification of LM barriers: first step in ISM is to identify the variables for study (Jia et al., 2015) . In this case LM barriers of lean system in Indian automobile industry are considered as variables. Following seven LM barriers have been identified in previous section: a lack of resources b lack of management commitment c conflict with other systems d past experience of failure e employees resistance f lack of knowledge g no direct financial gains
Step 2 Construction of structural self-interaction matrix (SSIM): Contextual relationship between listed variables is examined with the development of SSIM matrix (Govindan et al., 2015) . SSIM is developed for different variables indicating the pair-wise correlation between the variables of the system under study following four symbols are used to indicate the directional relationship between the LM barriers (Kannan et al., 2008 (Kannan et al., , 2009 ): V barrier i help to remove barrier j A barrier j helps to remove LM barrier i X barriers i and j helps to remove each other O barriers i and j are not related. Step 3 Construction of initial reachability matrix: The SSIM prepared is changed into the initial reachability matrix as shown in Table 4 Step 4 Development of final reachability matrix: Based on the developed SSIM a reachability matrix is formed. Reachability matrix is verified for transitivity. The transitivity made in ISM is a basic assumption about relationship among the different variables of the system. It is based on the assumption that if variable X has relation with variable Y and variable Y has relation with variable Z then variable X has essentially relation with variable Z. Final reachability matrix for initial reachability matrix (Table 5 ) is shown below.
Table 5
Final reachability matrix Step 5 Level partitions: reachability and antecedent set is determined for every LM barrier from the final reachability matrix. The final reachability matrix is partitioned in the different levels by evaluating the reachability and antecedent sets. The reachability set contains the particular variable and other corresponding variables which are assisted by this particular variable to affect the system, while the antecedent set contains the variable itself and supplementary variables which are helping the variable to influence the system. Subsequently, the intersection is obtained for these sets for every LM barriers. High rank LM barriers in the hierarchy of ISM model are those who are same in the reachability and the intersection sets. The levels of elements are identified with this process and the process is repeated in iterative manner till level of all the elements is identified. 1, 2, 4, 5, 6, 7 1, 2, 6, 7 1, 2, 6, 7 7 3, 4, 5, 6, 7 1, 2, 5, 6, 7 5, 6, 7
Table 7
Second iteration to estimate the rank of LM barrier LM Barrier no. Reachability Antecedent Intersection Level 1 1, 2, 4, 6, 7 1, 2, 6 1, 2, 6 2 2 1, 2, 4, 6, 7 1, 2, 6 1, 2, 6 4 4, 5 1, 2, 4, 6, 7 4 5 5, 7 4, 5, 6, 7 5, 7 6 1, 2, 4, 5, 6, 7 1, 2, 6, 7 1, 2, 6, 7 7 4, 5, 6, 7 1, 2, 5, 6, 7 5, 6, 7 1,2,6 3 2 1,2,4,6,7 1,2,6 1,2,6 4 4 1,2,4,6,7 4 6 1,2,4,6,7 1,2,6,7 1,2,6,7 7 4,6,7 1,2,5,6,7 6,7 4,5,6,7 1,2,5,6,7 5,6,7 4 6 MICMAC analysis LM barriers are categorised into four groups based on their dependence power and driving power. They are classified into four groups as independent barriers, dependent barriers, autonomous barriers and linkage barriers Muduli et al., 2013) . Independent variables are those variables which has high driving power and low dependence power so having maximum impact in the system and they acts as driver variables. Dependent variables are variables in the system which has high dependence power and low driving power. Dependent variables are exaggerated by independent and linkage variables. Linkage variable are those variables which has high driving as well as dependence power and hence act as dynamic variables. Autonomous variables have low driving power and high dependence power so they remain usually inactive and have less impact in the system. The diagram showing dependence power and driving power for LM barriers is shown in Figure 2 . In this study lean barrier lack of resources (no. 1) and lack of management commitment (no. 2) are identified as independent variables. These barriers have high driving power with low dependence power hence may have more impact on the lean environment. If management commitment and lack of resources as significant barriers of lean are not addressed they may exaggerate other barriers hence they possibly will consume more efforts and slow down the pace of LM implementation. On the flip side if independent variables are taken care they might reduce the adverse impact of other barriers. Lack of knowledge (no. 6) and no direct financial gains (no. 7) are identified as linkage variables with high driving and high dependence power and it means that these are dynamic variables and carry a lot of potential. Considering the active participation of linkage variables these must be taken care of on priority so that the momentum of these barriers can be reduced. Conflict with other systems (no. 3), past experience of failure (no. 4) and employee's resistance (no. 5) are identified as dependent variables which has low driving power and high dependence power. The dependence variables are considered as result variables. They are dependent on other variables; hence in order to achieve excellence in lean more efforts must be put in resolving issues pertaining to independent barriers rather than dependent barriers. There is no autonomous barrier identified in this case. 
Results and conclusions
For the structural validity of the model the outcome of the analysis were tested for the behavioural aspect. For this the diagraph and the MICMAC analysis were discussed amongst the expert panel. The panel agreed with consensus on the driving power, dependence power and the causality of the model.
It is imperative for the management to understand about inter-relationship and characteristic of each LM barrier for formulating strategy to reduce the impact of these barriers in LM implementation. The purpose of categorisation of the LM barriers is to examine the role and impact of individual LM barriers on the whole system. ISM model of lean barriers (Figure 3 ) helps researchers and practitioners to be familiar with the inter-relationship and level of various LM barriers.
In this study it was observed that lack of management commitment and lack of resources were the major barriers to LM. Companies enthusiastic to implement lean should focus on management commitment and support at top priority so that the negative impact of other LM barriers can be reduced. Lack of management support may cause lack of understanding about financial gains from LM and lack of knowledge among the employees. Presence of these barriers in lean environment may result in slowing down or failure of the LM implementation. The repetition of such failed attempts may become obstacle for LM and intensify employee's resistance. The culture of the industry so created may not be able to synchronies the LM implementation with other initiatives and may result in company culture unsuitable for LM environment.
In this study, it is revealed that Indian manufacturing companies must focus on providing management support to LM implementation and make required fund available.
Additional focus on training must be given so that LM implementation is enhanced and company possesses a favourable culture for LM implementation. A research paper on barriers in of LM System was presented by Kumar and Kumar (2014) . The paper contained a survey-based research for the barriers of LM in the context of Indian industry. A survey was conducted within Indian industries through emails and interview of the practitioners to conclude the significance of the LM barriers. The survey was conducted in the large and medium-sized lean practicing manufacturing companies across the country. The Cronbach's alpha value for responses regarding LM barriers was observed between 0.661to 0.869 hence validating the reliability of the data. Mean value for three lean barriers, i.e., Lack of management commitment, lack of resources and lack of knowledge was observed 3.931, 3.809 and 3.626 respectively against the population mean 3.427 showing significance of lean barriers over others and consequently the significant barriers identified in that paper were considered for study in this paper. The results of this research paper are in line with the results presented by Kumar and Kumar (2014) . Lack of resource and lack of management commitment are independent variables representing showing high significance of individual barriers over other LM barriers. Similarly, Lack of knowledge is observed as linkage variable with high driving and dependence power hence validating the results statically.
Managerial implications
The Managers often hit the hard rock while solving problems. And, they find they could not remove even the first hurdle after wasting a lot of time and energy. ISM shows a roadmap to the managers in solving the problem. Many organisations often report employee resistance as the first hurdle to be cleared by the managers. In this study, it has been shown through ISM that you cannot remove employee resistance unless you remove lack of resources. Lack of resources is the high driving power barrier which requires the immediate action from the managers. This study gives a clear viewpoint on the working methodology in implementing lean by systematically removing barriers one by one.
Limitation and scope for future work
It was observed that a very limited study has been performed about the barriers of LM implementation in Indian perspective in the existing literature so far. On one side this presents limited background of studies till date however on the other side this study may be very helpful for the practitioners and research scholars to know about the status of LM barriers in Indian context. In this paper only seven significant LM barriers have been considered for study. More number of LM barriers can be considered for developing ISM model for knowing their inter-relationship among each other. The framework developed is based on the opinion of experts about inter relationship of LM barriers under study. The understanding about the correlation among LM barriers may vary based on the opinion of experts. However, this model indicates a linear relationship of LM barriers that can be used for future research purpose and practitioners. ISM model has been validated by comparing the results with Kumar and Kumar (2014) ; however, research results presented through ISM model may be statically validated through structural equation modelling (SEM) technique.
